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ABSTRACT 
Under existing concrete highway pavements there 
are voids that develop because of the pumping action 
of the slabs. The presence of free water, curled 
slabs from temperature and moisture gradients, and 
heavy wheel loads combine to provide this problem. The 
result is pumping and erosion of the base material, 
nonuniform support of the pavement slab, and eventual 
breakup of the concrete slabs. 
Two methods of voids detection were utilized in 
this study to compare one against the other. The 
first method used the Falling Weight Deflectometer 
CFWD) and the second method used the Ground 
Penetrating Radar CGPR) unit. 
Deflection readings obtained with the FWD is 
acquired from seismic sensors mounted on a beam 
centered under the trailer which allows five 
deflection points to be utilized. The force is 
applied to a 150mm (4.92 inches) base plate for a 
duration of 25-30 milliseconds. 
The second method used a Ground Penetrating Radar 
CGPR) equipment. The GPR is a non-destructive method 
in geotechnical investigation capable of surveying 
large areas quickly and efficiently. GPR works as an 
echo sounder with a continous similar graphic 
display. Cavities are identified by hyperbolic 
patterns caused by reflections from variations in 
electrical properties of anomalies as compared to the 
surrounding material. 
The intent of this study is to determine those 
circumstances under which GPR and/or FWD can be used 
in subsurface void detection investigations. The 
results indicate that voids detection by these two 
methods are generally favorable and that these two 
methods can be very useful in determing voids 
underneath concrete pavement slabs 
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Today, the only reliable method for locating 
underground voids beneath concrete highway pavements 
is by direct drilling. The time and cost for this 
method is generally very restrictive because of the 
close spacings required between borings to be able to 
reliably detect and delineate possible voids under 
concrete pavement. 
Early and accurate detection of voids under 
highway concrete pavements is highly desirable in 
order that effective repair and restoration can be 
accomplished. Accurate information about the location 
and extent of the void system would allow a better -
assessment of the particular problem and would define 
the unknown conditions which tend to complicate 
rehabilitation work. 
Voids develop under concrete pavements due to the 
pumping action of the slabs. Curled slabs from 
temperature and moisture gradients, the presence of 
free water along with the heavy wheel loads, combine 
to provide this problem. The result is pumping and 
erosion of the base material, nonuniform support of 
the concrete slabs, and eventual break-up of the 
concrete pavement. 
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The presence of discontinuities, such as 
transverse cracks or joints, is an inherent 
characteristic of rigid pavements. Test loads applied 
near these discontinuities results in higher 
deflection than the corresponding deflection measured 
away from the discontinuity. A discontinuity implies 
reduced slab bending stiffness in the orthogonal 
direction. 
Numerous approaches have been tried to locate 
voids beneath concrete surfaces. By far the most 
widely used is the simple practice of dragging a short 
length of chain over the suspect area. The audible 
ring of the links of chain changes perceptibly when 
going from sound concrete to delaminated areas. 
Tapping the surface with a hammer will achieve the 
same results. Large areas can be surveyed quite 
efficiently under ideal conditions. However, 
limitations are imposed by the human response factor 
and ambient noise levels. Audible detection of voids 
is only successful on relatively thin layers of 
concrete such as that associated with deck 
de lamination. It does not serve to locate voids 
beneath thicker sections such as pavement and approach 
slabs. 
Coring of the concrete can be used to provide 
definite information at a specific location. However, 
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this operation has serious limitations and is 
expensive. 
equipment, 
It requires lane closures, special 
and patching materials, all of which are 
labor intensive. 
Problems associated with voids beneath concrete 
pavement slabs cause thousands of doJlars in repair 
every year. This repair could be avoided if the 
detection of these voids can be achieved before 
failure of the pavement takes place. Therefore, 
information on the location and extent of the void 
involved is necessary so that the void problem can be 
repaired before failure of the pavement occurs. 
There have been several geophysical methods that 
have been used in subsurface exploration to detect 
voids. Gravity, seismic, magnetic, electrical 
resistivity, and electromagnetic techniques have been 
used on different test sites with some degree of 
success. One method may be superior to the other under 
certain conditions. Pavement deflection tests were 
also used for the detection of voids. However, none 
of these methods can be applied successfully to all 
subsurface conditions. 
The technique of transmitting electromagnetic 
waves into the earth and monitoring the reflected 
signal is referred to as ground penetrating radar 
CGPR). The technique is becoming an increasingly 
accepted method for geophysical investigation. A 
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continuous record of subsurface conditions is obtained 
by pulling a radar antenna over the ground surface. 
Electromagnetic impulses are continuously transmitted 
into the ground from the antenna and their reflections 
received by the same antenna. The reflected signals 
are processed by the control unit and graphically 
recorded on a chart. The signal of hyperbolic 
reflection characteristics of subsurface voids make 
their detection relatively simple under ideal 
conditions. 
Typically, deflection tests using the 
Deflectometer, are performed on each of 30 consecutive 
joints beginning at the even number milepost eastbound 
and the odd number milepost westbound. Deviations to 
this rule do exist because of: safety conditions, 
asphalt pavement, ramps, and special test locations. 
Deflection readings obtained with the Falling Weight 
Deflectometer CFWD), is acquired from seismic sensors 
mounted on a beam centered under the trailer which 
allows five deflection points to be utilized. 
Typically, Florida's rigid pavement testing 
configuration consist of one foot intervals in front 
of the load (Def. 1,2,3 & 4) and one sensor located 
one foot trailing CDef. -1). Seismic sensors used in 
obtaining deflections are guaranteed accurate to+ or 
- .00008 inch. 
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In considering conclusions for the Falling Weight 
Deflectometer, it should be pointed out that the 
comparison used was for the .2 position (edge of 
pavement) and only the weight that compared with the 
Static Load was used. The Static Load used was 9000 
lbs . 
The FWD is affected by the same environmental 
factors as the Static Load Test. By looking at only 
part of the data as was done, it was difficult to 
pinpoint the reason why large deflections were showing 
up. By doing an extensive study of all the data 
available from the FWD over different periods of time, 
it may be determined if deflections are caused by 
movement in the base or subbase. 
The results between the FWD and the Static Load 
compare favorably. That is to say in areas where one 
method showed large deflections, the other method 
would also indicate large deflections even though they 
would not be the same in actual measurements. 
The FWD used to measure the deflection of slabs 
is a slow and costly process. The conclusions are 
that it is very valuable for research work but may not 
be very practical for construction control or survey 
work. 
The success of radar scan is limited by the 
penetration depth which can vary from just a few feet 
to a hundred feet or more. penetration capabilities 
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are dependent on the frequency of the antenna and the 
electrical conductivity of the earth materials 
involved. A lower frequency antenna is used to 
achieve greatest penetration, while a higher frequency 
antenna provides better resolution of shallow 
features. Electrical properties of earth materials 
are dependent on water content, temperature, pressure, 
and impurities. 
Since the natural conditions of soils and rocks 
vary greatly, it is difficult to estimate the 
penetration depth of the radar signal before a survey 
is actually conducted. In some areas substantial 
penetration allows detection of subsurface strata, but 
in other areas maximum penetration is limited to a few 
feet from the surface. Typical penetration ranges from 
about 20 meters in resistive materials such as sands, 
gravels, bedrock, and freshwater, decreasing to about 
one meter in conductive materials such as fine-grained 
clays and seawater. 
A study was conducted to determine local 
conditions in which Ground Penetrating Radar and 
Deflectometer methods provided useful information 
about subsurface voids. These field investigations 
were conducted on I-10 in Jefferson County in North 
Florida. 
The results of the field investigations on I-10 
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were not very conclusive since no large voids were 
found either by the FWD or GPR. Some of the concrete 
slabs were cracked at a few locations and some were 
overlayed with asphalt. Some of the slabs in this 
section of I-10 had been undersealed with grout 
previously. Also, edge drains had been installed 
before these tests were made. Because of all of these 
factors involved, it was difficult to determine if 
there were any actual voids under the concrete 
pavement or whether it was due to cracking, slab curl, 
weak base or excessive water in the subgrade. The GPR 
did indicate some areas that appeared to have weak 
subbase and/or excessive moisture. 
CHAPTER II 
LITERATURE REVIEW 
Early and accurate detection of voids is highly 
desirable in order that effective repair and restoration 
can be accomplished. Accurate information about the 
location and extent of the void system would allow a 
better assessment of the particular problem and would 
define the unknown conditions which tend to complicate 
rehabilitation work. Many techniques, including 
mechanical and geophysical methods, have been used for 
detection of pavement cracking and voids under the 
pavement. These will be discussed in the following 
discussions. 
Ground Penetrating Radar 
A research study conducted by Forsyth and Wells 
(1985) was to evaluate the effectiveness of the Penetradar 
Corporation Radar Model PS-24 (Figure 1) in detecting 
small voids co. 10 - 0.25 inch), which is typical of those 
found beneath faulted pavement joints. 
According to Forsyth and Wells the radar waves that 
strike metallic objects (conductors) tend to be almost 
entirely reflected, whereas radar waves striking 
nonconductors (dielectrics) tend to be absorbed. Also, the 
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Figure 1. Penetradar PS-24. 
Source: Forsyth and Wells, 1985 
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absorbed radio frequency CRF) wave will propagate through 
the dielectric material until it strikes a boundary of 
discontinuity. Therefore, at this point , a portion of the 
RF energy will be reflected and a portion will be 
transmitted through the boundary. According to the theory 
developed by the Penetradar Corporation, the very short 
pulse time Cl nanosecond) should allow maximum resolution 
of boundaries or discontinuities for resolution and 
thereby indicate the location and size of any subsurface 
discontinuities. 
The Penetradar Corporation Model PS-24 consisted of a 
radar transmitter/receiver, radar main console, 
oscilloscope and antenna which was mounted on a wood 
cart. The PS-24 oscilloscope traces of the various bonded 
and rebonded test slabs indicated that it would be 
difficult to predict the presence of smaller voids less 
than 1/8 inch under a PCC slab or a delaminated thin 
slab. According to Forsyth and Wells, the drawbacks to 
Penetradar PS-24 equipment for detecting and measuring 
voids is such that it must be !! calibrated !! for particular 
pavement and void location. This would require extensive 
coring and lane closures and thereby eliminated its 
practical use as a survey-type technique. 
The presence of water in voids underneath PCC slabs 
produces wave forms that could not be interpreted by 
Penetradar personnel as noted by Forsyth and Wells. 
Because water commonly occurs in this situation, the 
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application of this equipment is severely limited and not 
very useful . A PS-24 radar unit may not be used 
effectively on the I-10 test site since the water table 
was relatively high in this test section. Also the voids 
under the pavement slabs were believed to be of a small 
magnitude. 
Subsurface cavity formations under existing highways 
or along proposed highway routes may cause the failure of 
pavement and cause major construction or maintenance 
problems as well because of roadbed subsidence or possibly 
sudden collapse. The sudden collapses can result in a 
wide variety of damage and property loss. Corrective 
action costs are usually high and do not always have a 
positive cure. The public costs for damages, property 
losses, and accidents would be reduced considerably if 
subsurface earth structural conditions along the many 
highway routes were known before the final highway 
planning and construction. 
A site at. Reddick, Florida, south of Gainesville, has 
been used previously as an underground cavity test site by 
the Florida DOT. It is on private property and had 
accessible air-filled underground limestone solution 
caverns known as Medford Cave. The subsurface cavities 
average about 10 to 30 feet below the surface in most 
places, although some rooms reach depths down to 80 feet. 
The radar survey by Herzig et al. (1975) was 
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successful in this area since signal attenuation in the 
soil and rock in the vicinity was not extremely high. 
Soil in the area extended to a depth of only about 3 feet 
where limestone was encountered. 
A study was made by S. Kuo to apply the GPR system 
for the diagnosis of concrete pavements. To accomp 1 i sh 
this, a model pavement was constructed with a number of 
known rebars, PVC pipes and voids embedded within. 
An experimental concrete slab model of 4.5 x 15 feet 
with an average thickness of 6 inches was constructed at a 
test site. The model was divided into four sections of 
equal dimensions. Each section contained different 
features. One section used two pieces of 4 inch pipe. 
One was placed vertically and the other horizontally. 
This model was to simulate a cavity in the ground. After 
tests were completed with these two pipes, the horizontal 
pipe was removed and replaced with a 17-inch deep hole. 
The test site was intended to simulate a solution cavity 
or sink under the pavement. 
Section 2 had a number of #4 rebars embedded within 
the slab. Section 3 had several I-inch-diameter short PVC 
pipe randomly embedded on one side. A concrete masonry 
block was embedded there also. The intent of this section 
was to detect a fairly large void within the concrete 
slab. Section 4 had a 3-inch-thick coarse aggregate base 
under the concrete slab. This section was intended to 
distinguish between the layers of concrete slab and 
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aggregate base. 
The radar profiles were made using the 900 MHz 
antenna. Other antenna (500 MHz) were also tried, but did 
not result in a superior resolution. 
The results from the study of a model concrete 
pavement indicates that the electromagnetic pulse from GPR 
can penetrate the concrete slab and identify the slab 
thickness, large voids, and rebars embedded within the 
concrete pavement (Figure 2). Smal 1 air-filed cavities 
inside the concrete slab, however, are very difficult to 
pick-up and locate due to their very short travel time. 
The layer changes between concrete slab and subgrade soils 
and concrete slab and coarse aggregates seem clearly 
visible from the graphic display. It is concluded that 
the GPR could be used as a possible tool for 
nondestructive, quick and economical evaluation of 
concrete pavements. The ground penetrating radar has 
potential advantages over other methods. The survey speed 
is high, about 3 - 4 miles per hour. It has an immediate 
printout of data for quick field interpretation. If 
penetration depth is achieved, it can generally outline 
the shape, depth, and thickness of a void. Present-day 
ground penetrating radar is disadvantageous when the 
electromagnetic attenuation in the soil is high. The 
limited attenuation characteristics are generally 
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A report by Bukowski et al. (1983) describes 
studies of void detection using infrared thermography 
CIRT). The studies were of a preliminary nature to 
determine the feasibility of the technique. An 
experimental section of a pavement slab was cast with 
voids of known locations and dimensions beneath it. 
The voids were detected by the infrared thermography 
process. Additional studies are recommended to 
further refine the process for prototype applications. 
The primary concern of this study has been the 
effect that a void has on surface concrete 
temperatures. The results of the thermistor 
temperature measurements and the thermal scans 
described by Bukowski et al. (1983) provides the 
evidence to evaluate these theories and predictions. 
The data collected assisted in clarifying the effect 
of the actual dynamic heat transfer conditions as 
compared to the steady-state model. 
This study has been preliminary in nature. As 
such, it has identified potential activities in the 
detection of voids using infrared thermography. The 
potential economic benefits to be gained by the under 
sealing of rigid pavements to avoid punch-out type 
failures is considerable. However, before IRT can be 
judged capable of detecting voids under actual 
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conditions, further studies must be conducted. 
Delam Tek Vibratory Equipment 
The vibratory equipment selection for evaluation 
is basically a vibrator on steel wheels that applies 
small vibratory loads to the pavement. It is 
manufactured by SIE, Inc., under the trade name Delam 
Tek (figure 3). Basically, the equipment provides a 
continuous reading along the roadway. This provides 
an advantage over the Dynaflect, since the Dynaflect 
has to be stopped at a specific point to make a 
reading and then moved forward again to the next 
measurement point. It was felt that if the Delam Tek 
equipment was functional, a more extensive 
investigation should be made. 
The vibratory equipment used by the field 
personnel was not very effective since they had 
limited experience in using this equipment. It was 
assumed that, if a void were present, a sharp change 
in the output would be observed. For the pumping 
condition, a plan view of the section was drawn, and 
the points where pumping was observed were marked on 
it. This then provided a reference as to sections 
that might have voids beneath the pavement. 
After analyzing the field data measured by 
Birkhoff and McCullough, it revealed unfortunately, 
that the measurements obtained with vibratory 
17 
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Figure J. The Vibrator. Source: Birkhoff and McCullough, 1979 
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equipment was not a feasible method for selecting 
voids beneath concrete pavements. The Delam Tek 
vibratory equipment was found to be unsuccessful in 
predicting voids beneath the pavement. 
Dynaflect Device 
Extensive research has been carried out during 
the past several years to utilize Dynaflect 
deflections for assessing rehabilitation needs and for 
design of overlay of rigid pavements. A report by 
Meyer et al. (1983) offers a recommended procedure for 
detection of voids under rigid pavements. The effects 
of temperature and location variables along with the 
distance of Dynaflect test from the pavement edge, are 
discussed. 
In visualizing the problem, the reader must keep 
in mind that a void is not necessarily a large hole 
beneath the pavement. For example, a gap of 0.050 
inch between the slab and the subbase is considered as 
a void. Once the slab is subject to a traffic load, 
it will deflect down and touch the subbase. Hence, the 
support condition is lost with any gap between the 
slab and the subbase. 
The Dynaflect is a trailer-mounted unit which 
induces a steady state vibratory force on the surface 
of pavement through two rubber covered steel wheels 
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(Figure 4). The dynamic force generator has two 
counter rotating eccentric masses producing a peak-to-
peak dynamic load of 1000 lb at a fixed frequency of 8 
Hz. 
Five equally spaced geophones are used to measure 
deflection response of the pavement. Prior to 
testing, each geophone is calibrated at the driving 
frequency, 8 Hz. A geophone is described by Meyer et 
al. as a velocity transducer which employs an inertial 
reference and gives an output signal in volts. 
As discussed by Meyer et al., there are two major 
factors which affect pavement deflections. These are 
environmental factors and pavement characteristics. 
The environmental factors are temperature effects, 
seasonal effect and moisture effects. 
Dynaflect data from Columbus, Texas, by Meyer et 
al. provides experimental evidence of significantly 
higher deflection near the transverse crack as 
compared to the corresponding midspan deflection. The 
deflections near the transverse crack will also be 
affected by temperature changes. Some small 
variations may be explained by possible changes in the 
subgrade characteristics. 
Dynaflect deflections provide a fast and reliable 
means for finding voids under rigid pavement and also 
for judging the effectiveness of any grouting 







Housing and .Tow Bar 
The Dynaflect system in operating position. 
Geophones 
Configuration of load wheels and geophones. 
Dynaflect Wheel Loads and Geophones. 
Source: Meyer et. al., 1983 
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were recommended by Meyer et al. for using the 
Dynaflect data to identify the areas likely to have 
voids. These methods involve Cl) deflection basins 
and (2) deflection profiles. The Dynaflect data was 
collected along the roadway. A report by Birkhoff and 
McCullough (1979) was to evaluate the feasibility of 
and the practicality of various methods of detecting 
voids beneath concrete pavements, especially for those 
methods having a high probability of success. The 
purpose of their study was to evaluate, in a 
controlled experiment, the feasibility of using 
deflection devices, vibratory devices, and visual 
means and to recommend a detailed procedure for void 
detection which would incorporate the most reliable 
technique. 
A basic experiment using each method was 
developed and implemented in the field. Field data 
were collected and put into a factorial format for 
analysis. After analyzing these data and using coring 
and excavation for verification, the methods having 
the highest probability of detecting voids were 
chosen. Of these, the deflection method was selected 
as the most reliable, and a procedure was established 
for its implementation. The Dynaflect equipment was 
selected for evaluating the deflection method. 
For the basin method, the data were supplied to a 
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previously prepared computer program, and a plot of 
the basin shape was developed. Figure 5 illustrates 
two different basin shapes that were typical of those 
found on the project. Only five readings are obtained 
with the Dynaflect, but the computer program assumes 
symmetry, and, thus the entire basin shape is shown. 
Based upon previous experience in comparing basin 
shapes with excavations along the edge of the 
pavement, it was postulated by Birkhoff and McCullough 
that the location could be determined by the shape of 
the basin. In figure 5Ca), a smooth flat curve is 
shown. Excavations in this type of deflection basin 
indicated that full support of the pavement was being 
maintained. In Figure 5Cb), the basin is deeper, and 
the curvature is much sharper. In cases similar to 
this, excavations indicated that voids were present 
beneath the slab. 
From the above test results it appeared that 
voids were present only in conditions where there were 
high deflections. Thus, based on these data, it may 
be concluded that the deflection method of void 
selection was more effective than the visual method 
which has a lower probability of correctly predicting 
the location of a void. 
Based on the results of this study by Birkhoff 
and McCullough, it can be concluded that deflection 
techniques can be used successfully to predict the 
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presence of voids beneath concrete pavements. The 
Dynaflect was used successfully in measuring 
def 1 ect ion. 
Even ,:though the Dynaflect had good results in 
previous test, it has been replaced recently by the 
Falling Weight Deflectometer CFWD) which can obtain 
more efficient deflection data as experienced by the 
Florida Department of Transportation CDOT). Use of 
Falling Weight Deflectometer detection and/or pavement 
evaluation will be discussed in a later section of 
this report. 
Development of a Deflection Distress Index 
The primary objective of this research was to 
develop a deflection distress index CDDI) for project-
level evaluation of CRC pavements. The development of 
such a procedure is presented by McCullough and 
Torres-Verdin (1984). 
The discrete-element computer program SLAB49 was 
used to predict the immediate response, in terms of 
maximum deflection, of the most common types of 
distress manifestations found in CRCP sections in the 
State of Texas. The ideal condition exists when a 
CRCP lane exhibits crack spacings of about 8 feet, 
good load transfer across transverse cracks, and no 
distress manifestations. 
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Once the maximum deflection for every cell in the 
various factorial arrangements considered was known, 
an expression from the AASHO Road Test was used to 
estimate the number of unweighted axle load 
applications to reach a present serviceability index 
CPSI) of 2.5. ADDI value of O percent was assigned 
to the terminal condition of a CRCP lane. A value of 
100 percent was established for the ideal condition. 
Since an element-by-element approach was followed 
in the scheme for estimating deflection distress index 
from condition survey data, it is possible to compute 
the DDI for every element surveyed. Consequently, 
both the mean and the standard deviation of DDI can be 
estimated for a given CRCP section. 
Several recommendations were made by McCullough 
and Torres-Verdin for further research along with 
possible extensions of the concept of deflection 
distress index before it could be used effectively at 
the project level. This DDI procedure would be 
difficult to apply to the methods being used on the 
test site on I-10 in Jefferson County, Florida. 
Falling Weight Deflectometer 
The Florida Department of Transportation CDOT) is 
currently using the Falling Weight Deflectometer CFWD) 
and Pavement Condition survey to analyze the concrete 
pavement for possible failure and/or voids. A 
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research study conducted by the Florida Department of 
Transportation (1981) was made on I-10 from the 
Alabama State line in West Florida to the Jefferson-
Monticello County line in northeast Florida. 
Deflection tests with the FWD were made in an effort 
to determine the condition of concrete pavement on I-
10. The deflection tests were performed on each of 30 
consecutive joints in a 1-mile section. 
The FWD testing was conducted during both 
nighttime hours (negative thermal differential) and 
daytime hours (positive thermal differential) at each 
test site. As a standard practice when testing the 
rigid pavement, the temperatures were monitored at two 
locations within a slab Ctop one-inch of pavement and 
bottom one-inch of pavement) along with ambient 
temperature. 
The FWD data was collected on 40 slabs in the 
11 good 1: mile (20 slabs with and 20 slabs without radar 
indicated voids) and five slabs on the !!better !! mile. 
The FWD data was taken initially in December 1985, 
prior to the undersealing, and repeated in May 1986 
after the undersealing was completed. 
To best compare the results of all the tests, it 
was decided to use the maximum deflections from the 
FWD data taken at the loading level most similar to 
the Static load test (9,000 lbs). Since the highest 
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deflections from the static load test were measured on 
the leave side of the slab, the FWD data taken at this 
location was used for this comparison. 
The FWD data appeared to be susceptible to slab 
curl. The FWD tests were run at night and repeated 
during the day. Only at night were there any 
significant deflections. There also seemed to be some 
seasonal effects on the FWD data. Nighttime readings 
taken in December and again in May on the same slabs 
were significantly different. Most of the slab curl 
on this project was in the range of 0.025 inch to 
O. 040 inch. 
The mile CM.P. 80 to M.P. 81 EBL) chosen as a 
11 better !! mi le had no evident faul ting 1 no shoulder 
indication of slab movement (depressions, blow holes, 
etc.) and no broken slabs. This mile is located on 
the eastern end of this project where most of the 
pavement is in good condition visually. The radar 
survey indicated no voids in this mile. The test 
rolling in the "better!! mile had very small deflection 
readings from the Static Load testing. FWD deflections 
were very small in this section also. 
The deflections that were taken on the radar 
indicated void area, had a lower average before the 
undersealing, than after the undersealing. The 
deflections taken on the area of the Hgood f! mile where 
no voids were indicated by the radar, were higher 
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before undersealing than after. Nearly all these 
slabs 11 failed!l FWD before underseal and passed after 
undersea!. Only half of these slabs failed the test 
rolling and were undersealed. There is no appareent 
correlations between grouted and ungrouted slabs and 
magnitude of deflections before and after 
undersealing. The reaction of the slabs to FWD tests 
seemed to be independent of whether or not it was 
undersealed, although grout take was slight. The five 
slabs tested with the FWD in the !!better!! mile showed 
higher deflections before undersealing than after. 
Al 1 five slabs 11 passed!l the test rolling operation 
after the undersealing operation. 
A study by the Interstate 75 Task Force (1986) 
produced FWD data that was used to evaluate the 
structural performance of the pavement. 
Interpretation and rationalization of the data was 
used to explain influences of major variables, such as 
water ingress, thermal gradients and live load on the 
performance of a pavement. Common test data 
presentations are load-deflection relation, joint 
efficiency and deflection profile. Tests were made at 
The FWD corner, mid-joint and at mid-point of slabs. 
tests were conducted during daylight hours. Due to 
the relatively large temperature differentials, the 
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data could not be considered from the same data 
population and therefore, could not be evaluated on a 
comparative basis. Since the 1984 FWD data could not 
be normalized, it was not used to estimate structural 
strength of the pavement. Techniques and concepts 
were subsequently developed which required testing to 
be made during night hours. 
CHAPTER III 
ANALYTICAL APPROACH 
Designs of Concrete Pavement 
Jointing systems for concrete pavement are 
designed to ensure the structural capacity and riding 
quality of the pavement at the lowest annual cost. 
Joints control the transverse and longitudinal 
cracking that results from restrained warping and 
traffic loads. They divide the pavement into 
practical construction increments, delineate traffic 
lanes, and accommodate slab movements. A careful 
study of the performance of pavements subject to the 
same traffic and similar environmental conditions as 
the proposed pavement is of great value and should be 
reflected in the design of slab dimensions and 
jointing details. 
Highway and airport continuously reinforce 
concrete pavements CCRCP) are structures supported on 
specially prepared subgrades. 
Thickness designs for continuously reinforced 
concrete pavements basically assume uniform support. 
However, in the field, support is lost due to various 
soil conditions, such as swelling, settlement, and 




on the construction site and material 
characteristics. Since these support variations 
affect the CRC pavement life, it is important to 
understand how they increase or decrease the pavement 
distress, in order to be able to predict future 
pavement performance affected by these soil support 
variations. 
Field observations indicate that pavements tend 
to bridge nonuniform support, whereas the subbase 
layers conform to the underlying soil movements. 
However, these pavements eventually collapse under 
repeated traffic loading since the CRC slabs are not 
designed to provide bridging action. It has been 
hypothesized by Hudson et al. (1977) that designers 
could allow for these conditions by increasing the 
slab thickness and percent of steel reinforcement to 
provide an adequate bridging action of the CRC slab 
above the nonuniform soil support. 
Continuously reinforced concrete pavement with 
elastic joints consist of lengths of slab with bonded 
steel and intermittent unbonded steel. Stress risers 
are inserted at mid-length of the unbonded sections 
causing the pavement to crack and form joints. The 
length of the slab between two joints may be 
considered a structural unit, and the unbonded steel 
across the joints ties the structural units together. 
Upon casting, the concrete and the reinforcement 
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are continuous throughout the length of the pavement. 
As the concrete sets and the heat of hydration 
dissipates, the concrete contracts. At the very early 
stage, some of the volume decrease is probably taken 
as plastic deformation without causing strains in the 
concrete or the reinforcement. However, with the 
buildup of bond strength, the continued volume 
decrease will be resisted by the bonded steel and 
cause compressive strain in the bonded steel. The 
concrete within the bonded length will experience less 
volume change than if unrestrained due to the 
restraint by the steel. There is no steel restraint 
for the concrete within the unbonded length, thus, the 
maximum concrete tensile strain occurs within this 
length. The concrete eventually fails at the location 
of the stress risers inserted at mid-length of the 
unbonded section. 
joints. 
The failures are referred to as the 
After the joints have developed, the concrete 
strain in the unbonded length is relieved and the 
tensile strain in the unbonded steel will increase. 
The pavement is now divided into structural units as 
previously defined. 
A pavement undergoes compressive and expansive 
length changes. The compressive length changes are 
due to shrinkage and temperature decrease while the 
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expansive length changes are due to temperature 
increase and moisture absorption. Observing the slab 
behavior of unjointed plain pavements in service for 
many years can illustrate how joints are used to 
control cracking. 
To attain adequate workability for placing and 
finishing concrete in highway pavements, 50% to 100% 
more mixing water is used than is needed to hydrate 
the cement. As the concrete consolidates and hardens, 
most of the excess water leaves the pavement and the 
concrete occupies somewhat less volume. Heat of 
hydration and temperature of pavement normally peak a 
short time after final set. Temperature of the 
concrete declines due to both reduced hydration 
activity and lower air temperature during the first 
night of pavement life. 
Contraction of the pavement from these sources is 
resisted by subgrade friction and tensile stresses are 
created. During the life of the unjointed plain 
pavement these tensile stresses cause a transverse 
crack pattern. 
After the concrete pavement hardens, there are 
stresses due to temperature and moisture gradients in 
the concrete. At and near the bottom of the pavement, 
daily changes in temperature and moisture content are 
small. The exposed top surface, however, undergoes 
fairly large daily variations in temperature and 
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moisture content. At night the top of the pavement is 
usually cooler than the bottom, thus the top tends to 
contract and warp the slab edges upward. This 
tendency is resisted by the weight of the slab, 
creating tensile stresses in the top of the slab and 
compressive stresses in the bottom. During the day, 
the stress pattern is reversed. 
Differences in moisture content between the top 
and bottom of a pavement produce similar but less 
severe stresses. The lower moisture content causes 
contraction and the higher moisture content causes 
expansion. The influence of restrained warping 
stresses on joint design is complicated because 
moisture and temperature differences often produce 
opposite effects. When the top of the slab is warmer 
than the bottom, causing the top to expand, the bottom 
of the slab will usually have a higher moisture 
content causing it to expand. Hence, the amount of 
restrained warping stress will be less than stress due 
to temperature differences alone. 
Because of these opposing factors and others, 
warping stresses computed from formulas that take 
account only of temperature gradients are higher than 
actual measured values. Warping stresses measured on 
one research project PCA (1980) were only one-half the 
values computed on the basis of temperature. 
35 
When other calculations of stresses based on 
formulas that take account only of temperature 
gradient are compared to flexural strengths obtained 
at 8, 16, and 24 hours, indications are that there 
should be transverse cracks at spacing of 15 to 20 
feet or less during the first night of pavement life. 
Since this cracking does not normally happen, it is 
another demonstration that calculations based on 
temperature gradients alone do not produce values that 
agree with field experience. 
In plain pavements with joint spacing of 15 to 25 
feet, cracks do not generally form beneath all joints 
for a few weeks to several months after the pavement 
is opened to traffic. In pavements where distributed 
steel is used between joints spaced at 40 feet or 
more, intermediate transverse cracks between joints 
may not develop for several months to several years 
after the pavements are opened to traffic. When 
intermediate cracks do occur, they are spaced at about 
15 to 25 feet and they are the result of the combined 
effect of restrained warping and load stresses . 
Since restrained warping is complex and 
repetitive loads compound the problem, plain pavement 
Joint design is based on the performance of unjointea 
pavements. This performance shows that restrained 
warping in combination with loads will cause 




This is because thicker pavements have a greater depth 
of aggregate interlock and lesser deflections under 
load. 
Untreated granular subbases, stabilized subbases, 
or dowels are not required on city streets and highway 
carrying light-to-moderate volumes of trucks. Where 
the volume of truck traffic and other conditions that 
cause mud-pumping are not present, subbases are not 
required for added support at aggregate interlock 
joints. 
The typical cross-section (Figure 6) of the I-10 
section in Jefferson County that was investigated by 
this study consisted of a 24 feet plain cement 
concrete CPCC) pavement 9 inches thick. There was a 12 
inches stabilized subgrade with the top 6 inches being 
LBR of 40 and the bottom 6 inches being LBR of 20. 
The shoulders were of flexible pavement (asphalt). 
There was a longitudinal joint down the center of the 
24 feet roadway. Transverse joints were placed every 
20 feet with dowel bars. 
Types of Failure 
For the prevention of abnormal early failures and 
for satisfactory control of the normal wear and tear 
that can be expected to occur in the life of a 
pavement, it is important to know the failures that 
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may take place , the manner in which they occur, and 
the underlying causes. Because of the relative 
newness of CRCP, reliable information on these 
subjects is only now becoming generally available. 
The term!! deficiency i! , as applied herein to 
concrete pavement condition, covers all imperfections 
ranging from the very minor to the total !!failure" 
that requires immediate correction for continuation of 
satisfactory traffic service. The term !!defect II is 
used to describe an imperfection that experience has 
shown is sometimes a forerunner of !!failure " . The 
term !! distress !! is used to describe a condition that 
almost certainly will become a ll failure 11 if 
unattended. 
Failures that occur in concrete pavements are 
rarely catastrophic in the sense that they occur 
suddenly and without warning. Evidence that failure 
may take place almost always becomes visible first as 
a defect, then as distress, before failure occurs. 
The progression from defect through distress to 
failure may be very slow or may not take place at all 
during the life of the pavement or on occasion it may 
be very rapid. 
Cracking 
Uncontrolled cracking occurs in all kinds of 
pavement and takes many forms and patterns. Causes of 
41 
the various forms of cracking can be very different. 
CRCP is unique in that the occurrence of random 
transverse cracks at frequent intervals is expected 
based on the design. 
A transverse crack is any crack or break 
essentially at right angles to the pavement 
centerline. A longitudinal crack is any crack or 
break approximately parallel to the pavement 
centerline (Figure 7Ca)). A diagonal crack extends 
in a direction oblique to the pavement centerline 
(Figure 7Cb)). A Y-crack is a crack or break with a Y 
or forked appearance (Figure 8). Cluster cracking is 
a grouping of three or more closely spaced transverse 
cracks or Y-cracks where the spacings may be on the 
order of 6 to 24 inches. D-cracking consists of a 
series of fine, discolored, and darkened, hairline, 
crescent-shaped cracks in the concrete surface usually 
paralleling a joint or crack and generally curving 
across slab corners. 
The foregoing terms and definitions cover all of 
the principal types of cracking that have been 
observed in concrete pavements. Table 1 includes a 
wide range of factors that influence crack spacing in 
concrete. The formation of cracks under these 
conditions often develops before the ultimate total 
failure. Open cracks provide water access to the 
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7. Longitudinal and Diagonal 
Cracking. 
Source: TRB, 1979 
Figure 8. Y-Cracking. 
Source: TRB, 1979 
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FACTORS THAT INFLUENCE CRACK SPACING 
I. Syst~m StiO,us..s 
A. Thicknc-u of coocre.te 
8. Concrete modulus of cla.sticity 
C. Uodcrtyin11upport 
0. Bond 
E- Stoel amount and depth 
II. Rutrairtt to u"'rth CIMvt~s 
A. lnte~I restraints 
I. Steel: amount. 1urfacc aru. dcforautions. con-
nection to transverse steel. strength.' coefficient of 
expansK>n. creep characteristics. 
2. Concrete: thicknc:s.s, strength, modulus of elasti-
city, shrjnka.ac, cn:cp. 
B. Extern.al restraints 
I. Frictt0n on base 
2. Bond to adjacent lane 
3. Distance from end 




C. Constructioo joints 




A. Cban1in1 cooact.e propcrt.cs 
8. Environmental conditions 
I. Temperature variations 
2. Pre,cipitation 
C. Oan1in1 bond cooditions 
0. Ox-roeion 
I. Dcicin1 cbcmiala 
E- Traffic 
P. &.s.c cra&K>n 
SOURCE: TRB, 1979 
underlying materials, which become active agents in 
the failure process. D-cracking, although still under 
study , is generally considered to be a concrete 
material problem attributable to freeze-thaw cycles 
and a peculiar aggregate pore structure. 
Spalling 
Spalling in CRCP usually occurs at cracks. It is 
seen more rarely at construction joints and in the 
concrete surface at reinforcement locations. Spalling 
is defined as the breakdown or disintegration of slab 
edges at joints or cracks or directly over reinforcing 
steel, usually resulting in the removal of sound 
concrete. Slight spalling, in which the flaking is 
confined mostly to the mortar in the concrete matrix, 
is sometimes referred to as raveling. Although slight 
spalling is often seen at cracks in CRCP, it usually 
is not a progressive form of deterioration nor is it 
of structural consequence. Spalling alone, without 
accompanying deterioration, rarely becomes so severe 
that some form of maintenance is required. However, 
progressive spalling often is a good indicator of 
future distress. 
Punchouts 
Although not exclusive to CRCP, punchouts seem to 
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occur much more frequently in CRCP than in jointed 
pavement. Most states with extensive CRCP have 
experienced punchouts, and many consider punchouts the 
most severe problem associated with CRCP. 
A punchout is a structural failure in which a 
small segment of pavement is loosened from the main 
body and displaced downward under traffic. The 
Punchout usually is bounded by two closely spaced 
transverse cracks, a longitudinal crack, and the 
pavement edge and sometimes by the branches of a Y-
crack and the pavement edge which is shown in Figure 
9Ca). More rarely, a punchout as shown in Figure 
9Cb), may occur in the interior of a pavement away 
from the edge. These differ from edge punchouts in 
both severity and cause. 
Punchouts are invariably associated either with 
short transverse crack spacings Cl to 2 feet) or with 
Y-cracks. Short crack spacings and Y-cracks, however, 
are not always forerunners of p~nchouts and in most 
instances never become associated with punchout 
failures. Although they can be viewed with a degree 
of suspicion, further evidence is needed for early 
pinpointing of a potential punchout location. The 
advance of spalling at closely spaced cracks or at Y-
cracks beyond the amount taking place at other cracks 
in the area is a more certain sign that a punchout is 
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of pumping activity or excess trapped water. At this 
stage of distress, improvement of drainage, slab 
reseating by asphalt underseal or cement grout, and 
sealing of open cracks may postpone or eliminate 
further development of conditions leading to a 
punchout. Full failure requires removal of the 
damaged area, restoration of the base, possibly the 
addition of drainage, and a permanent patch. 
A localized loss of support that results in 
relatively high slab deflections under heavy traffic 
is the prime initiating factor of punchouts. The loss 
of support occurs in several ways, including softening 
of the base or underlying material by moisture 
accumulation, and ejection of base material by pumping 
action. The presence of moisture was noted in all 
weakening processes. The resulting high deflections 
under traffic increase the stress in the reinforcement 
and also the shear that must be transmitted across 
cracks. The wider the crack, the sooner the aggregate 
interlock will brea.k down under repeated loadings. 
CHAPTER IV 
SITE DESCRIPTION AND EQUIPMENTS 
The test site investigated was located on I-10 in 
Jefferson County in the state of Florida (Figure 10). 
This section under investigation ran from Mile Post 
CM.P.) 228 to M.R 234 in the Eastbound lane. This is 
approximately from S.R. 257 to the Jefferson County-
Madison County line. The length under investigation 
involved a section 6 miles long. 
The design typical section (Figure 6) shows 
removing all impervious material from under the 
concrete slab. A sand material was required in the 
top 4 feet of the embankment with the top 18 inches 
having a minimum amount of fine material. The upper 6 
inches of the subgrade was to be limerock Bearing 
Ratio CLBR) of 40 with the bottom 6 inches to be LBR 
of 20. Dowels were used in the main roadway. The 
longitudinal joint seals are of an improved hot-poured 
type. The contraction joint seals are of neoprene. 
The edge joints are not sealed. 
Falling Weight Deflectometer 
Deflection data obtained with the Falling Weight 
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loads (570, 940 and 1500 kPa with a tolerance of plus 
or minus 20 kPa for the lower and middle drops). The 
load delivered to the pavement has a duration of 25-30 
milliseconds and the force-time curve can be described 
as a half-sine wave. 
The FWD drops a mass from an operator selected 
height onto a plate that is connected to a 150 mm 
diameter base plate with a hole in its center. A load 
cell and velocity transducer mounted at this location 
measures the impact load delivered to the pavement or 
structure and the maximum deflection at the center of 
the load plate. Seismic sensors mounted on a beam 
centered under the trailer tongue allow up to five 
additional deflection points to be utilized. 
Typically, Florida DOT's setup includes one sensor at 
load CDef. 1), four seismic sensors spaced at 1-foot 
intervals in front of load (Def. 2,3,4,5),and one 
sensor 1 foot trailing (Def. 6). A partial view is 
shown in Figure 11. This allows joint efficiencies to 
be calculated at typical test sites. 
Seismic sensors used in obtaining deflections are 
guaranteed absolute accuracy of 2 % plus or minus 2 
micrometers. Actual force delivered with each drop 
and the deflections resulting from the drop is 
recorded on data printout. 
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'IJYNATEST 8000 FWO, 1JFJRTll1L VIEW, 
Figure 11. Dynatest 8000 FWD (Partial View) 
Source: Larsen, 1976 
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positions at each pavement slab tested. These load 
positions are the 0.2 position (corner/edge) (Figure 
12) and the 0.6 position (center/slab) (Figure 13). 
The theory behind the Falling Weight 
Deflectometer is basically the same as the loaded Axle 
method, with the additional influence of dynamic 
loading as opposed to a static load. The vertical 
movement of the slab is measured with the idea that 
excessive movement indicates that a problem exists 
beneath the pavement at this point. 
The FWD was pulled along the edge of the PCC 
pavement by a slow moving vehicle at night. The 
deflection tests were made at the corner outside edges 
of 30 consecutive slabs at the beginning of each even 
mile section going eastbound. The data was recorded 
on the mobile unit and later was put into the 
computer. This data generated the required 
information needed to determine the amount of 
deflection. This data will be used, along with the 
GPR data, to determine if any voids exist under the 
PCC pavement in this test area. 
~round Penetrating Radar 
The radar system used in this study is the 
Subsurface Interface Radar CSIR) System manufactured 
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equipment is pictured in Figure 14 and consists of a 
control unit, a graphic recorder, a tape recorder, and 
transmit/receive antennas. The antennas can be pulled 
along the ground by hand over small areas or towed 
behind a vehicle over long distances. It is connected 
to the control unit by a 200-foot-cable. Power for 
the system is provided by a 12 volt DC battery. 
During the transmit cycle, a fast acting switch 
creates a time-limited signal which is sent directly 
to the antenna. The transmitted pulse travels through 
the subsurface until it reaches a soil interface. 
Depending on the characteristic at the interface, a 
portion of the transmitted pulse is reflected back to 
the surface and received by the antenna as shown in 
Figure 15. An example of the GPR signal and record is 
shown in Figure 16. 
The operator controls the maximum delay time and 
adjusts the gain for optimum display of reflected 
signals. The most crucial part of a radar survey is 
adjusting the system to obtain optimum data. Prior 
knowledge of targets and their depth is necessary as 
some trial and error work at the site was needed 
before the tests could be run. 
After processing at the control unit, the 
waveform is sent to the graphic recorder for a 
hardcopy display by stylus scanning intensity 
modulated line-s across electrosensitive paper. The 
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Figure 14. GPR SIR _System-8 
Source -: Geophysical Survey System, 1982 
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Figure 15. Functional Diagram of GPR. 
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graphic recorder produces an image by printing strong 
signals as black and signals of intermediate strengths 
in shades of gray. As the antenna is pulled across 
the ground surface, the chart paper moves under the 
recorder stylus and sequential pulses are printed to 
form a continuous record. 
Dielectric constants for typical earth materials 
encountered during this study are given in Table 2. 
These values are at extreme conditions (dry and 
saturated), and are based on typical natural 
conditions of temperature and pressure and the 
operating frequency range of the radar signal. 
The most accurate method of determining the 
velocity of the signal through a material is to scan 
over a target of known depth such as a pipe or soil 
layer. This had been done previously at a test site 
constructed at the University of Central Florida. 
The effectiveness of a GPR survey is limited in 
many cases by the penetration depth of the radar 
signal. The maximum penetration depth of the signal 
is dependent on the conductivity of the propagating 
material which is primarily governed by water content 
and the amount of salts in solution. Conductivity is 
also a function of temperature and density as well as 
the frequency of the EM waves being propagated. 
The GPR unit was pulled along the outside edge of 
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TABLE 2 
CONDUCTIVITIES AND DEILECTRIC CONSTANTS 
a:::N:Xx:'l'IVITY DIELECTRIC 
(mho/rreter) a:NST.ANr 
Air 0 l 
Fresh water 10-4 to 3xl0-2 81 
Sea water 4 81 
Sand, dry -10-7 to 10-3 4 to 6 
Sand, saturated 10-4 to 10-2 30 
(fresh water) 
Silt, saturated 10-3 to 10-2 10 
(fresh water) 
Clay, saturated 10-1 to l 8 to 12 
(fresh water) 
Dry, sarrly, flat 2xl0-3 10 
coastal land 
Rich agricultural 10-2 15 
larrl, lCM hills 
Pastoral 1arrl, neiiun Sxl0-3 13 
hills arrl forestration 
Marshy, forested 8xl0-3 12 
flat larrl 
Limestone (dry) 10-9 7 
Average soil 10-4 to 10-2 12 
SOURCE: GSSI, 1982 
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the PCC pavement by a slow moving vehicle (5 to 10 
mph) during the daytime. The GPR tests were made at 
the same locations as the FWD tests. A hard copy 
display of the waveform was made on the 
electrosensitive paper as the unit was pulled along 
the pavement. A mark was made on the display sheet at 
approximately the end of each slab in the 30 slab 
section by pressing a button when visually seeing the 
joint. This display will be used along with the FWD 
data output to determine if any voids can be detected. 
CHAPTER V 
EVALUATION OF EXISTING PAVEMENT 
An evaluation was made of a section of I-10 in 
Jefferson County close to the Madison County line. 
This investigation was made to determine whether or 
not any voids could be detected under the existing 9-
inch pavement by using the FWD and GPR equipment. 
The original 9-inch concrete pavement for this 
section of I-10, as shown in Figure 6, was designed in 
1970. The Annual Average Daily Traffic CAADT) for 
1970 was 14,000. The standard design loading for the 
18 kips Equivalent Single Axle Load CESAL) was 
5,406,000 applications. This design section was for a 
4-lane rural interstate with a design speed of 70 
mph. The 12~inch subgrade design was for a limerock 
Bearing Ratio CLBR) of 40 for the top 6 inches and LBR 
of 20 for the bottom 6 inches with a Soil Support 
Value of 6.0. This relates to a modulus of subgrade 
value of 10,000 psi. Table 3 shows the 20-year design 
from 1974 through 1993. 
An evaluation of the original design of the I-10 
9-inch concrete pavement was made in 1981. It was 
determined at that time that the pavement was 




CONSOLIDATED PAVEMENT DESIGN DATA 
S 1rATE PROJECT: 54001-3405 
F. A. PROJECT: I-10-4(20)226 
S. R. NO.: 8 
COUNTY: JEFFERSON 
DESCRIPTION ON: I-10 
LIMITS FROM: WEST OF SR-257 
TO: EAST OF SR-257 
DESIGN DATA 
TYPE FACILITY: RURAL 
SYSTEM: INTERSTATE 
NO. OF LANES: 4 




Al 7. 0 23 5 .1 
18 KIPS ESAL 20 YEAR DESIGN (1973-93) 
HISTORICAL: 10,455,000 FROM COUNTS 
80 DESIGN: 9,984,000 104(B)(S) 1981 
70 DESIGN: 8,276,000 104(B)(S) 1970 
71 DESIGN: 5,406,000 PLANS 
SOIL DATA 




DEFECT RATING: 80 79 
RIDE RATING: 82 82 
BASIC R.~TING: 81 80 
.ADJUSTED RATING: 84 84 
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TABLE 
.3 (Continued ) 
TRAFFIC DATA 
HIST. 80 70 PLANS 
YEAR AADT 
1967 = 10,387 
1970 = 14,300 
CPENING 1974 = 4,640* 4,640* 
197 5 = 19,823 
aJRRENT 1978 = 9,429 9,200 
1990 = 30 I 400 
1991 = 16,600 36,000 
1992 = 32,000 
DESIGN 1994 = 
FUTURE 2000 = 24,400 *24,400 
24 HOUR T = 20% 20% 8% 5% 
LANE FACTOR = 0.9 K= 10% D= 55% 
TYPICAL SECTION DESCRIPTION 
EXISTING PAVEMENT: 
COURSE LAYER THICKNESS 
STRUCTURE P.C.C. 9" 
SUBBASE STAB. 
SOURCE: FLORIDA DOT, 1981 
6 11 LBR 40 




year design period. The original design did not have 
available the American Association of State Highway 
and Transportation Officials CAASHTO) Interim Guide 
for Design of Pavement Structures since it had not 
come out until 1972. The I-10 rigid pavement section 
proved to be conservatively designed when evaluated in 
1970 using the Portland Cement Association CPCA) 
design procedure and the American Association of State 
Highway Officials CAASHO) Road Test pavement design 
method. 
The 1980 Pavement Condition Survey by the Florida 
DOT on I-10 indicated severe problems being 
experienced with regard to pumping, joint conditions 
and faulting. The existence of pumping is an 
indicator of the pavement failure. The faulting and 
cracking of the pavement was common at that time and 
ultimate break up of the pavement was eminent. 
Numerous sections of I-10 had open joints or were 
partially filled. It was decided at that time that 
the pavement would not provide reasonable service 
through the design year (1993). 
The original design of the 9-inch concrete 
pavement was based on 5,406,000 18 kips ESAL with 
concrete working stress equal to, ft=250 psi, modulus 
of subgrade reactions, k=550 pci, and the concrete 
modulus of elasticity, E=4,000,000 psi. The concrete 
working stress, ft= 250 psi, that was used in the 
67 
original design was too low of a value. The design 
value used today is 450 psi. If the design chart (see 
Figure 17) from AASHO Interim Guide had been in use at 
that time, the design would have indicated a 12.5-inch 
concrete thickness was needed for the 20-year service 
life. 
Since the concrete pavement on I-10 in 1980 was 
failing prematurely, a re-evaluation of the concrete 
pavement was necessary. The working stress in the 
concrete was logically re-evaluated to be 450 psi, or 
15% of the minimum strength (3000 psi) required when 
Class I concrete was used for cement concrete 
pavement. The concrete mix was designed using the 
following data: Cement - 94 lbs; Fine Aggregate CFA) 
- 192 lbs; Course Aggregate CCA) - 395 lbs; and water 
5. 1 lbs with a cement factor of 1.35 and 4.5% air 
content. The cement factor is the relationship of 
barrels of cement per cubic yard of concrete. 
this design a concrete modulus of elasticity of 
4,000,000 psi was obtained. 
With 
In order to establish logical upper and lower 
limits, a modulus of subgrade reaction K of 400 pci 
was used to represent the best condition and 50 pci to 
represent a poor subgrade condition. The design charts 
published in the AASHTO Guide for Design of Rigid 
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69 
Interim Guide for the Design of Rigid Pavements 
Structures , 1972, were utilized in this evaluation. 
The chart assumed a termininal serviceability CPCt)J 
of 2. 5. The following table shows the total number of 
18 Kip equivalent single axle loads that the 9-inch 
slab is expected to carry with the given subgrade 
reaction prior to reaching the terminal index. 
Maximum Capacity of 
Equivalent 18 Kip ESAL on 9-inch Slab 
Subgrade Reaction RepetitionsCmillions) 
K = 400 pci 6.7 
K = 200 pci 5. 1 
K = 100 pci 4.3 
K = 50 pci 3.3 
The above table represents calculated equivalent 
18 Kip ESAL that the I-10 pavement can carry, 
depending on its subgrade strength. In summary, the 
table shows that a 9-inch slab on a strong subgrade 
will carry a 6,700,000 18 Kip ESAL during the life of 
the slab. However, when the modulus of subgrade 
reaction is reduced due to the degradation of the 
subgrade, when pumping occurs and when voids are 
present, the load carrying capability of the pavement 
system is seriously degraded and failure occurs. 
reduced condition existed on I-10 in 1980 (Florida 
DOT, 1981). 
This 
The original design of I-10 used truck factors 
70 
that ranged from 5% to 10%. This has since been re-
evaluated upward. In 1981 it was estimated to be 
20%. This increase significantly affects the 18 Kip 
ESAL calculations and the corresponding pavement 
design. The 20% truck value is reasonable and 




Data from the Falling Weight Deflectometer CFWD) 
test was used to evaluate the structural performance 
of concrete pavement on the outside lane of the 
eastbound lane of I-10 as shown in Figure 18. 
Interpretation and rationalization of the acquired 
data may be used to explain the influence of major 
variables, such as water ingress, thermal gradients 
and live load on the performance of the concrete 
pavement. 
The FWD tests were made in December, 1986 and 
January, 1987 at night from 10:00 P.M. to 6:00 A.M. 
The negative thermal differential occurring at night 
has a large impact on the concrete pavement 
performance. Therefore, the ambient, top one-inch and 
bottom one-inch of pavement temperatures was recorded 
in 15 minute intervals. Also noted on the temperature 
data sheet was the general weather information for the 
test period. 
Load-deflection test data acquired during this 
period in December, 1986 and January, 1987 is 

























































































































































Appendix. Each data file heading indicates: Date, 
beginning test time, roadway, mile post and 
direction. Also included is the load radius which is 
a constant 150 mm. Column headings indicate load in 
kilo Pascales CkPa), where 1 kPa = O. 145 lbf/sq in, 
and sensor spacing in regards to load. The left 
Column of numbers indicates joint number and test 
position. In Tables 16 through 20, in the first 
Column, the numbers to the left of the decimal point 
indicates joint tested and numbers to the right of the 
decimal point expresses the test position. All loads 
are expressed in kPa, while deflection readings are 
expressed in micrometers, where 1 micrometer= 
. 00003937 inch. 
The Falling Weight Deflectometer (FWD) 
instrumentation and data was assisted by the Florida 
D.O.T. The data was collected on 30 slab in each one 
mile section. To best compare the results of all the 
tests, it was decided to use the maximum deflections 
from the FWD data taken at the loading level most 
similar to the Static Load tests made in previous 
tests. Since the highest deflections from the Static 
Load test were measured on the leave side of the slab, 
the FWD tests were made at this location also. The 
FWD tests were run at night waived from the potential 
of slab curl. 
The results of the 1987 study on the condition of 
74 
the concrete pavement located on I-10 in Jefferson 
County is presented in the following discussion. 
Generally, it has been found that deflection alone is 
not an adequate indicator of pavement performance or 
loss of serviceability. Surface deflection may be 
interpreted as the sum of the vertical strains 
throughout each structural layer below. The objective 
of this report was to try to isolate problem areas in 
terms of which layer or layers was instrumental in the 
deterioration of I-10 in Jefferson County. 
The Falling Weight Deflectometer CFWD) was used 
to carry out a layered-system analysis of the pavement 
structure. Vertical deflections were taken at one-
foot increments from the center of the ·loading plate 
outward along the deflection basin. The peak value of 
the stress level under the loading plate and the 
corresponding peak values of deflection are digitized 
and recorded on the Dynatest 7800 equipment. It is 
assumed that the elastic moduli of materials may be 
derived from deflection tests since this would 
correspond better to conditions that would be 
appropriate for properties relevant to the wheel 
C ax 1 e ) 1 o ad. 
Most road building materials do not respond 
uniformly, since different states of stress result in 
different apparent stiffnesses for the same material. 
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The multi-layered elastic program, Chevron 5L, is used 
to compare the calculated deflections versus the 
measured deflections by juggling the E-values, which 
are the stiffness or resilient modulus of the 
different types of materials in the four different 
layers. This program is known as !fin situ stress-
dependent e 1 ast ic moduli, five I ayers!!. The 
individual solution is valid only for that particular 
deflection position. 
The program is seeded with a set of E-values to 
start the iteration process. Table 4 shows some 
subgrade modulus, ECsg), values. An approximate 
solution for the subgrade modulus prediction can be 
made through the equation: 
ECsg) = PxSCf) - dCr)xr 
where ECsg) = in situ modulus of elasticity of 
the subgrade layer, P = the dynamic load Cin pounds) 
of the FWD, d(r) = the FWD deflection at a radial 
distance of r from the plate load center, r = the 
radial distance from the plate load center to the 
point of dCr) measurement, and SCf) = the subgrade 
modulus prediction factor. These are some approximate 
values for the modulus of elasticity value for the 
subgrade that can be used to start the iteration 
process. Also needed is the total load used on the 
FWD, the tire pressure, the thickness of the concrete 
pavement and the two different thicknesses of subgrade 
76 
TABLE 4 
IN SITU MODULUS OF ELASTICITY OF SUBGRADE 
s 
f MILE 
POST LOAD(P) FOR U = .35 DISTANCE DEFLECTION E 
sg 
228 9359 lbs 
230 8883 lbs 
232 9359 lbs 









.0178 in 3148 psi 
.0200 in 2659 psi 
.0073 in 7676 psi 
.0153 in 3538 psi 
77 
and the estimated ECo)-value for the concrete 
pavement. A separate calculation is necessary for 
each measured deflection along the deflection basin. 
The results are output in the form of derived variable 
stiffness for the three structural layers and an ECo)-
value for the concrete pavement Csee Tables 5 through 
13). The chevron 5L program back calculates the ECo) 
and ECsg) combinations by matching measured and 
observed deflections. The Chevron 5L output indicates 
that for low deflections the E-values are higher as 
compared to the lower E-values for the high 
deflections 
Table 14 shows the deflection data obtained from 
the FWD test run in January, 1987, from M.P. 228 to 
M.P. 234. The micrometer readings were converted to 
inches (1 micrometer= .00003937 inch) to compare with 
the Chevron 5L output. A low and a high deflection 
reading was selected from each section to compare the 
difference between the two deflections. 
When any type of load is placed on a rigid 
pavement slab, the slab will deflect nearly vertically 
to form a basin. The deflected shape of that basin is 
a function of several variables, including thickness 
of the slab, the stiffness of the slab, ECo), the 
stiffness of the underlying support system, ECsg), and 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FWD DEFLECTIONS USED FOR DEF L EC-I'ION BASINS 
M.P. SLAB LOAD {lbs) 0 II 12 11 24 II 36 II 48" 
228 3 9359 .0393* .0341 .0273 .0219 .0178 
228 27 9042 .0065 .0054 .0041 .0030 .0022 
230 14 8883 .0354 .0324 .0274 .0237 .0200 
230 15 9200 .0073 .0062 .0046 .0034 . 0026 
232 l 9359 . 0214 .0174 .0135 . 0099 .0073 
232 19 9359 .0096 .0079 .0062 .0046 .0034 
234 10 9042 .0367 .0307 .0248 .0196 . 0153 
234 5 9042 .0150 .0113 .0084 .0059 .0046 
76 8883 . 0365 .0300 .0244 . 0189 .0141 
*Deflections are in inches. 
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ECo) and ECsg) results in a characteristic deflection 
basin for a given magnitude and duration of load and 
thickness of concrete. 
Figures 19 through 22 show the deflection basins 
from a high and low slab reading from each of four 
sections. Also shown is an isolated deflection basin 
from FWD deflections from another section of I-10 that 
was known to have voids under the slab (see Figure 
23). 
The low deflection reading with the FWD indicates 
very little movement of the concrete pavement slab. 
The larger deflection reading, as compared to the low 
deflection reading, indicates that the pavement has 
moved downward under the applied load. These readings 
are small in magnitude with a range from 0.002 inch to 
0.039 inch as measured with the FWD. The low 
deflection readings indicate that the subgrade has not 
yielded much and therefor, no voids should exist under 
the concrete pavement slab. The . higher deflection 
readings indicate that the subgrade has yielded more 
than the low deflection readings with the possibility 
of a void and/or excessive moisture under the concrete 
pavement s 1 abs. The radar tests as shown in Figures 
25 through 28 indicates that no voids were present 
under these slabs. But, there was an excessive amount 
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Figure 21. Deflection Basin M.P. 232 
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Figure 22. Deflection Basin M.P. 234 
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M.P. 71, 




Figure 23. Deflection Basin M.P. 76 
(Known Void Section) 
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For existing rigid pavements being evaluated, the 
resulting effective structural capacity, SCCxeff), 
which is the in situ structural capacity of the 
pavement, is equal to the effective thickness, 
DCxeff), which is the effective thickness of the 
pavement under evaluation. This value can be 
determined with the use of Figure 24 CAASHT0, 1986). 
The resulting values for the effective thickness, 
DCxeff), for the four sections under study is from 4 
to 4.5 inches. 
The original 20 year design (1970) 18 kip ESAL 
was estimated at 5,340,000 (repetitions). In 10 years 
(1980), the 1970 design showed the accumulated 18 kip 
ESAL to be 2,211,000. From the equation RClx) = 
CNCfx) -x)/NCfx) CAASHTO, 1986), RClx) = (5,340,000 -
2,211,000)/5,340,000 = 0.586x20 years= 11.7 years, 
where RClx) is the remaining life of the existing 
pavement. NCfx) is the original 20 year design 18 kip 
ESAL and xis the accumulated 18 kip ESAL after 10 
years. 
GPR Tests 
The GPR tests were made in April, 1987, during 
the daylight hours, since temperature has little 
effect on the radar unit. The radar unit was pulled 
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96 
of the eastbound lane of I-10 from M.P. 228 to M.P. 
234. 
The radar system had only one antenna since only 
the outside edge of the pavement was being tested. 
The antenna had to have sufficient resolution and 
penetration to test the first 2 feet of depth of the 
pavement materials. The GPR equipment and data was 
assisted by Dr. Kuo of the University of Central 
Florida. 
The wave form from the radar unit was sent to the 
graphic recorder on board the vehicle for a hard copy 
display as shown in Figures 25 through 28. The 
section that was recorded by the GPR was 30 slabs of 
PCC pavement of 20-feet-length for a total of 600 feet 
in each section. 
The evaluation of these return pulses can show 
some information that will be useful in analyzing the 
overall results of the FWD and the GPR. If no void is 
present, there are only two discontinuities of 
boundaries from which reflections of the transmitted 
radar pulses will occur. One will be the air-concrete 
interface at the top of the concrete slab and the 
other will be the concrete-base interface at the 
bottom of the slab. If a void is present between the 
concrete slab and the underlying base material, there 
are three boundaries which produce reflections. One 
97 
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is the air-concrete interface at the top of the 
concrete slab. The second one is the concrete-air 
interface at the bottom of the slab. The third one is 
the air-base interface at the bottom of the void. 
Therefore, three such reflections characterize a void, 
whereas, two are produced when no void exists. 
From the radar tests run on these four sections 
from M.P. 228 through M.P. 234, there did not appear 
to be any voids present or they were too small to 
detect. However, there were some areas under some of 
the slabs in M.P. 228, M.P. 230 and M.P. 234 that 
appeared to have a high moisture content within the 
subgrade area. 
Table 15 shows the comparison and results of 
tests involving the FWD and GPR. The comparison is 
made between four sections from M.P. 228 through M.P. 
234. 
The GPR unit showed no cavities in any of the 
sections since the FWD deflections were small. The 
GPR did show some sections that indicated the subgrade 
was in a weakened condition and/or there was excessive 
moisture in that particular section of roadway (see 
Figure 25 through 28). Since excessive moisture will 
cause the subgrade modulus to vary, this may explain 
why some FWD deflections were higher. Table 6 shows 
which slabs had higher deflections as compared with 
the indication of high moisture content as reflected 
MILE POST 
228 
Slab fl 3 
230 
Slab fl 14 
232 
Slab fl 1 
234 
Slab II 10 
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TABLE 15 
<DMPARISON OF RESULTS OF FWD AND GPR 
----- ------------------
FWD GPR 
High Deflection High Moisture & 
Weak Subgrade 
High Deflection High Moisture & 
Moderate Subgrade 
Low Deflection Low Moisture & 
Strong Subgrade 
Moderate Deflection Moderate Moisture & 
Moderate Subgrade 
10J 
by the GPR. Tables 16 through 19 provide the 
necessary data to show this relationship. 
The state of the art dealing with GPR needs to be 
perfected to allow some good results to be achieved so 
that smal 1 voids can be detected before any major 
damage is done. Hopefully, this can be accomplished 
in the near future so that pavement deterioration can 
be stopped before it really begins in the hope that it 
will save the taxpayers a lot of money. 
The pavement in this section of I-10 in Jefferson 
County had deteriorated badly by the 10th year. Since 
1980 the concrete pavement in this section of I-10 has 
been rehabilitated. This consisted of slab 
replacement, slab grouting, joint sealing,edge drains 
installed and other minor efforts to improve the 
serviceability of the pavement. It would be very 
difficult to estimate the remaining life· of this 
section of concrete pavement on I-10 due to the many 
changes and modifications to the original pavement. 
There would be too many variables to estimate the 
extended life of this pavement. 
CHAPTER VII 
SUMMARY AND CONCLUSION 
It was the intent of this study to try to show 
some correlation between the Falling Weight 
Deflectometer CFWD) and the Ground Penetrating Radar 
CGPR) to determine the possibility of detecting voids 
under the concrete pavement on I-10 in Jefferson 
County. 
It was difficult to distinguish any type of voids 
with the GPR unit on this section of concrete 
pavement. This type of GPR unit will probably not 
pick up very small voids which may be occurring under 
this pavement. 
The FWD indicated some deflections higher than 
some of the others. But, this still was only a 
deflection of 0.04 inch at the maximum. Some 
rehabilitation has been done in the last few years. 
This may have created some small voids or soft 
yielding spots between the pavements and subgrade 
interface. The Florida DOT is performing periodic 
condition surveys to determine if the concrete 
pavement is becoming stable or is continuing to 
deteriorate. 
Prevention of voids under concrete pavement is of 
104 
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great importance, whether it be preventive maintenance 
methods or preventive construction methods. 
Preventive maintenance methods involve visual 
inspection of the concrete pavement on a regular basis 
to keep current on any new developments. These visual 
inspections would involve checking the concrete 
pavement for deterioration due to faulting or pumping 
at the joints, cracking of the pavement across the 
corner of joints and spalling of transverse or 
longitudinal joints. 
Preventive construction methods would involve the 
project engineer or inspector maintaining close 
surveillance of the contractor's personnel during each 
and every phase of construction methods and materials 
needed for this type of activity. The subgrade should 
be of an A-3 type material graded to drain away from 
the pavement with the upper 12 inches compacted to 98 
percent of the maximum density as specified by AASHTO 
T-180 method. Transverse joints . shall be spaced every 
20 feet with dowel bars. These joints need to be 
sawed within the specified time period of 4 to 12 
hours. A competent contractor's supervisor should be 
on the project at all times making sure each worker is 
doing his job properly. The subgrade has to be kept 
wet enough just prior to the placement of concrete to 
prevent the water from being taken out of the 
concrete. Also, the dry subgrade will displace easily 
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by the workers. Extra care is needed by the workers 
to prevent this subgrade and dowel bar displacement by 
the workers being careless and unconcerned about the 
proper workmanship. 
Another area of concern is the finishing of the 
concrete surface. The contractor is interested 
primarily in making money. To accomplish this 
objective, a certain amount of square yards of 
concrete pavement has to be poured out and finished. 
The contractor's supervisors will dump out too much 
concrete such that the finishers cannot keep up. 
Therefore, the finish of the concrete will not be done 
properly and may not fit the straight edge 
requirements along with improperly sawed joints. 
Large trucks should never be allowed on the subgrade 
just prior to placement of the concrete since rutting 
will occur. If this rutting remains in the subgrade, 
it would cause the concrete slab to not slide over the 
subgrade as required by expansion and contraction. 
Also, no large trucks should be allowed on the new 
concrete pavement until the strength of the concrete 
is sufficient to prevent failure of the pavement. If 
the proper equipment and tools are not used along with 
adequate supervision, then the concrete pavement may 
be inadequate and inferior. 
APPENDIX 
TEST DATA FROM FWD 
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TABLE 16 
Input File: 2 28EB 
D a te: 12/08 / 86 Ti m E-: • 02. 05 
R o adwa y: 1-10 MP 2 28EB 
Load R a dius ( mm): 150 























0002.200 1460 1050 877 
0003. 200 (Slab-:- i.3) 590 990 865 
0003.200 9 4 0 1170 1010 
0 003. 2 0 0 
0 0 04.200 
0 004.200 
0 0 ()4. 200 
0 1)()5. 2 00 
0 0 0 5.200 
c.-)06. 200 
0 0 0 6-20 0 
000 6.200 
,.>007. 200 
;:) 0 08. 2 0 0 





001 0. 20() 
0010e200 
C, 1.) 1 Ci _ 200 
00 1 1.20 0 
0 0 i 1 . 200 
-:)U 1 3 _ :?UO 
OC 1 4 . 200 
i)o 1 ~1 ~ =:oi.) 
·~?0 14 - 200 






9 4 0 
1 4 80 
560 
950 
1 4 8 0 
9 ..:; o 


































































4 7 1 
648 
:291 














9 4 5 
330 














5 6 1 
3 12 






~ 0 7 
( 05 
347 































































1 8 2 
·•-=----:r-










1 4 3 
21 7 





-" ~-l. ...._~ 




'7 -:-r -:r 







































4 ..:1 4 
6 ()8 
TABLE 16 (Continued 
(}(> 1 6. 200 
0(>16. 200 
0017. 2(i(} 
( >(l 1 7. 200 
0017.:?.00 
OC>tB.200 
t:;o 1 a_ 2ocl 
(i(J 1 B. 20t) 
::,o 1 9 _ 200 
(}()19. 200 
OUl 9. 20() 
( 107(> _ 200 
002(, .. 20<) 
0021.200 





()023 .. 20() 
(H:)23. 200 
(1(;23. 2()(> 
(; 1)24 _ 200 
0024.200 
() 1J74. 200 
( ,,y2s. 200 
·)~):::5 _ 200 
(1 (<:?5 . 200 
>><~:?6. 200 
i:~u:::~6 _ =oo 































.-__ iu:?7 ~ :::-:en (Slab /127) 57(• 
: <) -~. 7 . ::?1-,t,_-l 
,:! i .1:::::2. 20( .1 
i:~t:-: 3 ~) _ 2(}(> 







































l 1 ~:::, . .- • 
1 , ,-. 





































,; '? -~:, 








































,,. r.:· . 







, --. , ~ , .. 





























f ....... _.~ 






























































4 '-1 ·-; 
I <( • •y 




























.. ... ,- ·, r·· 
--~ ...:: .. . ; 
/ t • • ~ 






:) a t. E- : 1 2 I (} 8 / f{ b 
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TABLE 17 
Roadway: 1--- 10 MP 2::: o E P 
Load Radius (mm): 150 
Sensor Positions CFtJ: 
0001 - 200 
0001.200 
()()(} 1 • 200 
0002.200 
0002.200 
















{)008 .. 200 







() () 1 (,. 20 1) 
(1() 1 l - 200 
<,O! 1. 200 
(}(} 1 1 _ 200 
(.,: ·, l 2 _ 20() 
,-:o 1 2 _ 20(.1 
~>U 1 2. 2(H.) 
(.\U ! 3. 7.00 








































00 1 3. 2orJ 1. 48<..) 
0014.:~00 (Slab 1114) 560 
0014.200 930 
0014.200 1450 
001 5. 200 (Slab 1115) 5BO 
(,,_·} 1 5. 200 
(H.) 1 5,. 2(1(> 
9h0 






























































































































































































































































3 7 6 
~543 







TABLE 17 (Continued) 











(;O 19. 2(>0 
0020.200 
0020.200 










0 0 24.200 
(1 0 24. 200 
0()25. 20() 
C.025.200 
0 ()25. 200 
0026.200 




























































































































































































































































































Fi l t:.-': :.:: 3 ? EB 
fidtE: • ()1. 1--~5. 87 .. 
G·c1c=::,.dwa y: I - -.10 MP 2~ 2EB 
t. oad Rad1 us <mm): 150 
Sensor Positions <Ft>: 
Load 
0001.2oo(Slab Ill) 590 



















( ·! ( : ~)8. 200 
( .<>()8. 2 ~)0 
(•,.>1 )8. 200 
( :<:··(t9. 2()t) 
c c- -:)9 • .200 
,·, ,::) 1 0. 200 
,: ,:.) 1 o. 200 
•Y)11 _ 20(, 
->:::, 1 1 _ 2..:,0 
,: ~ ,_) t 1 - :? 0 0 
(_, ,_-.: 1 3. =r:~·.:~ 
·~~,_-) 1 :~ _ =-'. ( H) 
;"_ , (l 1 4 _ .:C:0(> 
( 1(~ l ~¼ • 20() 
(H) 14 _ 200 
,:in 1 5. 200 
(_~:.·) 1 5. 200 
<<) 1 s. 2c·-) 


















































































































,,/ • .A. ·-'" 
...,_~~ -... ? 
:>70 
:-:.sr_; 











































:? ! 1 
- :- ( f 
-·' ._) ' 
-1-7.H 































! h 1 
150 




_), · lt·= 






'~~ c - c:-,ti,....._:,._:, J-1 
192 88 
289 1 f'~ -~ 
150 54 
208 95 








96 1 1-=--... ..._, 
149 179 
-~c-
..c.-. ,. __ .._J 288 





'":".....,~ 152 """-_;_'--3. 
109 /) ?:? 
162 ~ 16 .. 




83 1 .t';:? 
1 -,- «= 
- ._, .. ..,.,. ·,2!8 
203 3.7.:' 1 
74 .1 ~~~ -~l 
l 1 ,l< 1 :24:2 
1 ./ -'-'! 3!:-.6 
.<. 
('' 
._!(:'; c.;, r~ 
1 ~!.:? .1 '7 i~ 
227 ---q· ..;_ ,c 
-77 ! 3~ 
120 :.:::o l 
.175 =\23 




TABLE 18 (Continued) 
1/) 16. 2(hj 
ry_, 1.6 .. 200 
()()17 .. 200 
0017.200 









i)O l B. 200 l 500 
0019. ::?O(;(Slab #19) 590 
(>O 19 .. 200 
(H)19. 200 










0')23 .. 200 
0023.200 
0024 ... 200 
0024.200 
0024 ... 200 
0025 .. 200 
0025 .. 200 





()0:Z~7 - 200 




·">,/2 9 - 2 (H) 
,";(~:·-9 A 2(h) 
(~ii)=·() - (.) (lc,) 














































































































































;.,. •~·: r..: · 
~ .... . :_: 
i c;=. 











1 --: • 


























---. .,,.:._ ._ ) 
























































































r r ;;:-iut ~- . 1 e : 7 :-.4 E 8 
Dat.F;;; • <>1 ~ (iS. fl?. T 1 ! !':f,~: 
F:.::c!adv.tay: I - 10 HP 234EB 
Load Rad 1 us (mm> : 150 




Load 0 1 ,-, ..... 
1-.i'Y)l. 200 
Ot,Ol.. 200 
<<---. :~) 1 . =oo 
























0004.200 950 984 









')(,(.16 _ 200 
1)(~07. 2t>O 
.-)00 7. 2(h) 
00<)7. 200 
(, ;_-H)8. 2(H) 
\><.H)B - 200 
:~~c;(i8 _ :?(i,) 
<<;(}9 . :.::.,ou 









950 1 (.'40 
! 420 1 :?50 
550 847 
930 
c~c~,)9. 200 t 390 
<.1=: d O _ 2UO (Slab I/ 10) 570 
1130 
1360 
,_· : (i 1 0. :.:OO 
·">. ) 1 i). 200 
, ; ,_- : 1 1 • :::::·o•) 
= ' _·, ~ : : • 700 
:·'. '. ~ ~-- - =··:· 0 (; 
,· ,::1: .-; . ~.": (}() 
i>() l 4. 200 
(•(> 1 4. 200 
,-i,,· ) i 5. 200 
1
.)'.-. ' 1 ~; _ '...-?UO 


















~.? ti 4 
565 



















































































i ·- -, 
t '\ ,, 

































~-" ...:... . ·- ·' 
~;4 1. 


























































, , -, 




















--:.: a.. .J .' 
7h 
1 -.:S / 
98 
< r r""\ 






2 (l (;· 
TABLE 19 (Continued) 
·.)(! 1 7. 2cn 
CC1 1 7. 20(:> 
00 18.200 
!°1018. 20() 






c.,i) 20. 2 0 0 
0021. 2()0 





. - . 
,:_ . }° ·;? t=:/ • ~~ {~!-:~} 















1 47 0 
560 
940 














































































91 0 . 
h 75 
j '. ~-, --::, . j 
54 t-, 
1- t I r-
;· :,_,e; 
8S5 
1 9 1 
4. : .... · :' 










4 4 2 
564 
7 ... -,. 





















5 1 f3 
446 
C-C' _,, 
. ..J •. .J~ 













= . 1 ·--:i 
-· . ..:_ 
408 
84 
-< 7 r-:, 











































































\ • • ,.r i 
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TABLE 20 
FWD FIELD DATA (VOID SECTION) 
Date: ., 12. 05. 85. Ti me: • 21. 30. 
F:oadt.·J2.y: I-10 t,,.JAL TON L~JBTL "\)OID" 
Load Radius (mm): 150 
Load: ALL 
Station 4733.2 
· #1 #2 #3 
LOAD. 570 920 1480 
Def 1 912 1060 1270 
Def 2 770 898 1060 
Def 3 657 753 917 
Def 4 541 617 703 
bef 5 424 486 547 
Def 6 95 154 272 
JE6/1 10 15 21 
Station 4815.2 
#1 #2 #3 
LOAD. 590 940 1470 
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